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The Effect of Stimulus Intensities Upon 
Sensory Pre-conditioning 
By GIVENS L. THORNTON 
The phenomenon of sensory pre-conditioning was noted originally 
by Brogden (3) and, for the purpose of this study, may be described 
in three parts as follows. In part one, Ss are presented with a 
number of simultaneous pairings of two neutral stimuli, e.g., bell 
and light. Following this, one stimulus, for example the bell, is 
made the CS for an avoidance response. Part three consists of 
presenting the other stimulus (light) for the purpose of determining 
to what extent it also will elicit the same response as a result of 
its prior association with the first. 
An important consideration of such a design is that during the 
third, or test phase, the second stimulus is merely presented alone 
and the transfer effect noted. At the human level, this procedure 
is adequate. I ts effectiveness appears to decrease, however, with 
Ss lower on the phylogenetic scale ( 3). In a pilot study, this experi-
menter found that a stimulus such as light failed to produce the 
desired avoidance response when presented alone in the third phase. 
Experiments examining this phenomenon at the level of the rat 
must, perforce, provide a more sensitive measure of the effects 
of pre-conditioning. One method which has been employed to this 
end ( 1,2) and which was used in this study, involves conditioning 
a response to one of the stimuli and then re-conditioning the same 
response to the other stimulus. The difference in the number of 
conditioned responses made to the test stimulus between a group 
of Ss receiving the pre-conditioning pairings and a control group 
receiving no such training would provide a measure of sensory pre-
conditioning. 
A substantial number of investigators have concerned themselves 
with this problem. Some (2, 5, 7) have been successful while others 
( 4, 8) have failed to produce the desired pre-conditioning effect. 
With respect to type of subject, the studies have been about evenly 
divided between the human and animal levels. It is interesting to 
note the different theoretical interpretations resulting from these 
studies. The crucial question has been whether the results obtained 
to date can most adequately be explained in terms of a reinforce-
ment or contiguity type theory. 
Experimenters working in this area have been extremely reticent 
to interpret their findings as critical for any particular theory. 
However, the majority opinion seems to favor the continguity 
position. One writer has succinctly expressed this feeling as follows. 
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This set of circumstances presents no problem to a learning theory 
such as that of Guthrie in which the contiguity of responses is 
assumed to be the significant factor in connecting or establishing 
either one of the responses to the stimulus for the other. All of the 
reinforcement or motivation type of learning theories must make 
additional assumptions concernings the nature of operation of 
reinforcement or motive, assumptions which are extremely difficult 
perhaps impossible, to formulate in this situation (5, p.538). 
621 
Spence (9) points out that an explanation of this phenomenon 
in a Hullian framework must assume that one of the two stimuli 
produces a mild drive state which upon its cessation produces a 
reinforcing state of affairs. Until more is known about the variables 
influencing this pre-conditioning effect, other explanations will 
tend to be more in the nature of conjecture rather than well docu-
mented theory. 
The present experiment was undertaken to test the hypothesis 
that the effectiveness of sensory pre-conditioning in producing trans-
fer of a response from one stimulus to another is some function of 
the magnitude of the stimuli involved. Support for this contention 
comes, rather indirectly, from evidence relating to the positive effect 
of stimulus intensity on other conditioning phenomena. e.g., 
strength of response, generalization, rate of learning, etc. 
EXPERIMENTAL METHOD 
The subjects were -rn experimentally naive, albino rats equally 
divided as to sex, and between 60 and 70 days old at the beginning 
of the experiment. 
The apparatus consisted of a symmetrical, eight-sided, four com-
partment box similar to that described by Hunter (6) with the 
addition of a low hurdle between each compartment. The glass 
walls were 8 inches high with inside and outside diameters of 11 
and 19 inches respectively. The runways were 4 inches wide and 
the longest straight length in a compartment was 14 inches. The 
grid floor in each compartment could be electrified separately. The 
amount of current was controlled by an Applegate stimulator set 
to produce 160 microamperes. On the underside of the cover was 
mounted an electrical socket into which were inserted frosted elec-
tric bulbs of varying wattage. The bulb extended clown into the 
well formed by the inner walls; directly beneath this was a buzzer, 
the intensity of which could be varied through a rheostat. Both 
the light and buzzer could be controlled either manually or auto-
matically. 
The Ss WE'l'e randomly assigned to six groups, two experimental 
and four control, in such a manner that each group consisted of 
eight Ss, four maks and four females. 
The design can be divided logically into three phases, ( 1) pre-
conditioning trials, ( 2) conditioning or acquisition trials, and ( 3) 
test conditioning trials. During the pre-conditioning phase, each 
S in the two experimental groups was placed in the apparatus and 
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Table 1 
A Schematic Representation of Experimental Conditions 
Pre-conditioning Acquisition Test 
Training Training Training 
N Phase I Phase II Phase III 
Experimental I 8 HE and HL HR HL 
groups II 8 LB and LL LB LL 
III 8 HE HE HL 
Control IV 8 HL HE HL 
groups vs LB LB LL 
VI 8 LL LB LL 
received 240 simultaneous pamngs of a light and buzzer auto-
matically presented every 30 secs. and lasting 2.5 sec. Sixty of these 
pairings comprised one session with a 12 hr. interval between each 
of the four sessions. Factors of hunger and thirst were held constant. 
The experimental room was kept in comparative darkness to 
provide a uniform, contrasting background for the light stimulus. 
In addition, all Ss were kept under approximately the same degree 
of illumination for three days prior to the beginning of the experi-
ment. 
The stimuli used in this investigation are as follows: The high 
light (HL) was a 200 watt bulb whereas the low light (LL) was 
a ten watt bulb. The high buzzer (HB) was of the six volt, com-
mercial type set to produce the loudest possible intensity of sound. 
The low buzzLT (LB) was obtained by decreasing the current by 
means of a variable transformer to a point where the lowest inten-
sity was produced without the sound ceasing altogether. This sound 
was further dampened by placing over the buzzer a small, cotton-
lined box. During the pre-conditioning phase, the experimental 
groups received paired stimulation from either the HB-HL or the 
LB-LL, while control groups received only one of the four stimuli. 
These latter groups served a dual purpose, (I) as controls for sen-
sory generalization, and ( 2) as a measure of the differential effec-
tiveness of each stimulus when presented singly. 
Twelve hours following the final session of phase 1, conditioning 
training with the buzzer began. Each S was placed in the apparatus 
and allowed to explore freely for 2 min. After this exploratory 
activity had subsided, 60 massed conditioning trials were given with 
the buzzer occurring at irregular intervals to 20 secs. per trial. The 
following temporal sequence was adhered to throughout both final 
phases. The buzzer was presented for 2.5 sec. followed by the onset 
of the shock with an overlap of approximately one-fifth of a second. 
The shock alone continued until the animal jumped or was moved 
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into either of the adjoining compartments. A conditioned response 
was recorded as such if S jumped after the onset of the CS and 
succeeded in avoiding the shock. For each S the number of correct 
avoidance responses made during the 60 trials was tabulated. 
The same procedure was followed in phase 'l, test conditioning, 
except that the light was used as the conditioned stimulus. Re-
sponses were recorded in the same manner and there was a similar 
time lapse of 12 hrs. between phases 2 and 3. 
RESULTS 
The obtained data of this experiment were analyzed with respect 
to the following: ( 1) the demonstration of sensory pre-conditioning 
in both the high and low intensity conditions, ( 2) the differential 
effect of the magnitude of stimulus intensity upon this phenomenon, 
and (3) the effect of magnitude of stimulus intensity on the initial 
acquisition of an avoidance response to a buzzer. 
All Ss were trained to a buzzer in phase 2 and tested to a light 
in phase 3. The mean number of avoidance responses made to the 
two intensities of these stimuli together with their standard devi-
ations are presented in Table 2. In order to show the transfer effect 
from buzzer to light, difference scores were obtained by subtracting 
the number of responses ·to the buzzer. Means and SDs of these 
scores are also shown. This procedure served to eliminate the effect 
of individual differences in initially learning the avoidance response. 
Table 2 
Group Means and SD's of Acquisition, Training, Test 
Training, and Different Scores 
Pre- Mean Mean Mean 
conditioning Responses SD Responses SD Differences SD 
Training to Buzzer* to Light* 
Phase I Phase 2 Phase 3 
HB-HL 36.6 15. l 16. l 14.5 20.5 7.7 
LB-LL 25.1 10.5 18.9 10.8 6.3 6.1 
HB 37.+ 12.2 19.3 12.1 18.1 13.1 
HL ::\9.5 14.2 21.9 19.6 17.6 16.3 
LB 28.0 14.7 13.3 14.7 14.8 12.1 
LL 40.1 13.4 23.0 15.5 17 .1 13.1 
* Based on scores indiclting number of conditioned responses in 60 trials. 
In view of the uncertainty of a normal population and the desire 
to employ the same statistic throughout, a Wilcoxon T was used 
for testing the significances of differences in all comparisons. 
Before a meaningful comparison of the two intensity conditions 
can be made in terms of the original hypothesis, e\·idence of sensory 
pre-conditioning must be established for both. 
An examination of the mean difference scores in Table 2 pro-
vides no evidence for any posi.tive effect on transfer of the contigu-
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ons presentation of high intensity stimuli. 
Within the low intensity conditions however, some evidence of 
sensory pre-conditioning was obtained. On the basis of difference 
scores, the experimental group (LB-LL) was compared separately 
with each of its two control groups. 
The mean of the difference of 6.3 for the LB-LL group was 
found to differ from that of 17.1 for the LL group. A Wilcoxon 
test indicated that this diffenence was significant at the .02 level 
of confidence. When a similar comparison of difference scores was 
made between group LB-LL and group LB the effect of sensory 
pre-conditioning was less in evidence (p==.07) although the trend 
was in the expected direction. 
The second comparison was between the difference scores for 
the two experimental groups. It is apparent that the Ss that had 
experienced the pre-conditioning pairings of low intensity stimuli 
were able to transfer the response from the buzzer to the light much 
more readily than those experiencing the high intensities. This 
finding is reflected by the highly significant difference (p=.001) 
between the difference scores of the two groups. 
The third set of data examined consisted of the mean responses 
to the buzzer during acquisition training for each of the groups. 
Here again the two experimental groups were found to differ 
significantly. The HB-HL group made an average of 36.6 avoidance 
responses in 60 trials to the high intensity buzzer whereas the LR-LL 
group gave an a\·erage of but 25.1 responses to the low buzzer in 
the same number of trials. 
It was anticipated on the basis of results of a pilot study, that 
the experimental groups of both intensity conditions would show a 
tendancy to acquire a stronger response to the buzzer than their 
corresponding controls. This expectation was not borne out by the 
results of this study. The obtained differences in acquisition trials 
seems to be primarily a function of stimulus intensity rather than 
pre-conditioning training. To test this, a composite acquisition score 
was obtained for the two intensity conditions. A comparison of 
these scores with the Wilcoxon T indicated them to be significantly 
different at the .01 level of confidence. When a similar composite 
score was obtained for the high and low intensities of light in phase 
3, no significant difference was apparent. 
The fact that sensory pre-conditioning was not demonstrated 
within both intensity conditions limits somewhat the extent of a 
meaningful discussion in terms of the original hypothesis. The fail-
ure to obtain evidence of this phenomenon within the high intensity 
condition precludes a comparison of the relative effectiveness of 
the two stimulus magnitudes employed herein. The hypothesis is 
supported, howe\'er, to the extent that the demonstration of the 
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sensory pre-conditioning effect is dependent in part on the mag-
nitude of the stimulus intensities. Under the conditions of this ex-
periment there appears to be a maximum intensity beyond which 
the contiguous pairings of stimuli are ineffective in facilitating trans-
fer of a response. It is entirely possible that the buzzer component 
may have masked out the light which rendered the latter stimulus 
ineffective. However, to account for the occurrence of sensory pre-
conditioning in the low intensity group the assumption is made that 
this masking effect, while operating, interferred with sensory pre-
conditioning to a lesser extent. 
As noted earlier, an interpretation of the phenomenon of sensory 
pre-conditioning within a reinforcement context must postulate a 
reinforcing state of affairs produced by the cessation of a mild 
drive state initiated by the more intense of the two paired stimuli. 
It is reasonable to assume that such a drive state with its conse-
quent reinforcing state of affairs occurred during the pre-condition-
ing training of both experimental groups. Spence (9) has suggested 
that a startle response would be an indication that a mild drive 
state was established. In the present study, a decided startle response, 
e.g., crouching, jumping, urination, defecation, was observed in 
all animals receiving the paired presentation of HE and HL but 
was not detectable during the pre-conditioning training with the 
LR and LL. If it is further assumed that more intense stimulation 
produces a stronger drive state, then the degree of reinforcement 
should be greater within the high intensity condition of this study 
and as a consequence the effectiveness of sensory pre-conditioning 
should be more in evidence. The demonstration of this phenomenon 
with low intensity stimuli only is not in keeping with the results 
expected with this particular reinforcement approach. Since the 
present experiment was not designed for the purpose of verifying or 
refuting such a theory, the findings cannot be interpreted as critical 
for it. For one thing, the use of startle response as a criterion for 
the extent of a drive state is questionable. For another, the present 
study does not permit the assessment of the possible effects of a 
mediating mechanism as suggested by Wickens and Briggs ( 10). 
The differences between the combined high and low intensity 
groups in the number of responses made to the buzzer may be 
attributed to the extreme intensity of the high buzzer. In the 
opinion of this investigator, the high buzzer functioned not only as 
a CS, but, due to its noxious character, as an US as well. Reference 
has been made to the noticeable startle response elicited by this 
stimulus. Further support for this point of view comes from the 
relatively equal number of responses made to the two intensities 
of light. 
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CONCLUSION 
The results indicate that the transfer of an avoidance response 
from a buzzer to light was facilitated to a significantly greater extent 
by the preconditioning pairings of the low intensity stimuli than 
by the high intensity stimuli. However, sensory pre-conditioning, as 
measured in terms of the difference between an experimental group 
and its corresponding controls, was demonstrated within the low 
intensity condition only. These findings were in opposition to those 
expected from results obtained with related conditioning phenomena 
wherein high stimulus intensities were found to be more effective. 
Within the structure of this study it was concluded that there 
is a maximum intensity beyond which pre-conditioning pairings of 
stimuli are ineffective in facilitating transfer of a response. This 
was attributed, in part, to the masking effect of the high intensity 
buzzer over the light. 
The demonstration of sensory pre-conditioning within the low 
intensity condition only, while sugestive of further research, was 
not perceived as critical to a reinforcement type theory. 
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